We have developed a new method to determine phase velocities from the vertical component of microseisms recorded with an array of seismic sensors spaced around the circumference of a circle. We calculate two different time histories by taking the average of the seismograms with differing sets of weights for the sensor stations. The spectral ratio of these two time histories contains no information on the arrival directions or on the amplitudes of the incoming waves but depends solely on the phase velocities of the arriving modes.
INTRODUCTION
The high-resolution (HR) method (Capon et al., 1967; Capon, 1969) has been used extensively to study spectral characteristics of a given microseismic wavefield and to determine phase velocities of incident surface waves by resolving their different components in the frequency-wavenumber domain (e.g., Asten and Henstridge, 1984; Horike, 1985; Liaw and McEvilly, 1979) . Asten and Henstridge (1984) stated that, in the HR method, (1) the array diameter should be as large as the longest wavelength of interest to give adequate resolution of long wavelengths; (2) when viewed from any direction, there must be some sensors with spacings that are less than half the shortest wavelength of interest to avoid aliasing in the wavenumber domain; and (3) the number of sensors must be greater than the number of plane waves present at any one time. These requirements call for the use of a large number of seismic sensors.
Aki (1957), in his general theory of the analysis of microseisms, presented a method to determine phase velocities from the vertical component of microseismic records (hereafter referred to as Aki's method). Aki's method differs from the HR method in that it requires only a set of sensors placed around a circumference of a circle plus another sensor at its center. He later proposed replacing the circle with a semicircle (Aki, 1965) . The method consists of calculating correlation coefficients between different pairs of band-pass-filtered waveforms recorded at the center and at a point on the circumference and then taking the azimuthal average of these correlation coefficients. If the microseisms can be regarded as stationary in time and space, the azimuthal average of the correlation coefficients can be estimated by placing a large number of sensors at all necessary observation points and operating them all at one time or by using a smaller number of sensors and repeating the array measurements with different array configurations.
In Aki's method, all information on the wavefield in question, which in the general case is composed of multiple plane waves arriving from different directions with different intensities and in different modes, is thus integrated into a single quantity, namely, the azimuthal average of the correlation coefficients. The latter contains information on the phase velocities of the waves alone: the effects of the arrival directions and amplitudes are canceled out in the process.
Henstridge (1979) developed a far more versatile formulation using a spectral representation, which is general enough to include Aki's method as a special case but is based on the stronger assumption that the phase velocity is a single-valued function of frequency. In the present study, we have developed a new method of microseismic exploration by extending
